SUMMARY Duodenogastric reflux of bile acids and lysolecithin in the course of a standard test meal was measured in normal people and in patients with duodenal ulcer before operation and more than one year after highly selective vagotomy, Polya partial gastrectomy, truncal vagotomy and pyloroplasty, and truncal vagotomy and gastrojejunostomy. Before operation, duodenal ulcer patients had significantly higher fasting, post-prandial, and peak bile acid concentrations in the stomach than had normal subjects. After Polya partial gastrectomy, fasting, post-prandial, and peak concentrations of bile acids and lysolecithin were significantly higher than in preoperative duodenal ulcer patients. After highly selective vagotomy, in contrast, bile acid concentrations in the stomach were significantly lower than in preoperative duodenal ulcer patients and post-prandial and peak lysolecithin concentrations were less than half (NS) those recorded in preoperative duodenal ulcer patients. After highly selective vagotomy, bile acid concentrations were also significantly lower than bile acid concentrations after Polya partial gastrectomy, truncal vagotomy and pyloroplasty, and truncal vagotomy and gastrojejunostomy; and post-prandial and peak lysolecithin concentrations were significantly lower than after Polya partial gastrectomy and truncal vagotomy and gastrojejunostomy. Thus, when used in the treatment of patients with duodenal ulcer, highly selective vagotomy keeps 'bile' out of the stomach, probably through its effect on gastric smooth muscle, combined with the preservation of an intact antropyloroduodenal segment. In contrast, Polya partial gastrectomy, truncal vagotomy and gastrojejunostomy, and truncal vagotom' and pyloroplasty all lead to a significant increase in reflux of bile acids and lysolecithin into the stomach. The clinical importance of these findings is that both gastritis and, in the long term, gastric carcinoma may prove to be less common after highly selective vagotomy than after partial gastrectomy or vagotomy with a drainage procedure. Highly selective vagotomy, unlike these procedures, preserves the pylorus" and might thus be expected not to produce an increase in duodenogastric reflux. In this paper we show that, after highly selective vagotomy, reflux of bile acids 'and lysolecithin into the stomach is, in fact, significantly less than in patients with duodenal ulcer before operation. As expected, both partial gastrectomy and truncal vagotomy with a drainage procedure were followed by significant increases in duodenogastric reflux. 569 group.bmj.com on June 22, 2017 -Published by http://gut.bmj.com/ Downloaded from
Methods

PATIENTS
Six groups of patients were studied (Table 1) . One group consisted of 16 patients with active duodenal ulceration who had not been operated upon. A second control group comprised nine normal subjects with no history of disease of the gastrointestinal tract. The other four groups consisted of patients who had been treated surgically for duodenal ulcer more than one year previously: 14 by highly selective vagotomy, 11 by Polya partial gastrectomy, nine by truncal vagotomy and Heineke-Mikulicz pyloroplasty, and eight by truncal vagotomy and gastrojejunostomy. The groups did not differ significantly with respect to age and sex. The mean interval between operation and these studies was four years in the highly selective vagotomy group, eight years in the truncal vagotomy and drainage groups, and 20 years in the Polya partial gastrectomy group. The results of operation were good (Visick grades 1 or 2)12 in all these postoperative patients. The diagnosis of duodenal ulceration had been made in each patient by barium meal examination and/or fibreoptic endoscopy and had been confirmed at operation in each patient who had undergone surgery. The nature and purpose of the investigations were carefully explained to each patient and his or her consent obtained. FIBREOPTIC 
OESOPHAGOGASTRODUODENOSCOPY
Each patient underwent this procedure, which was performed for diagnostic purposes in the preoperative duodenal ulcer patients and in the postoperative patients both to confirm that the ulcer had healed and to exclude the presence of any other pathological condition in the stomach and duodenum. At endoscopy the presence or absence of bile reflux was recorded and multiple gastric and duodenal biopsies were taken in each case to form the basis of a separate report on the morphological state of the gastric mucosa in relation to 'bile' reflux.
There was no evidence of gall bladder disease in any patient, either on oral cholecystography or at operation.
TEST MEAL AND SAMPLING TECHNIQUE
After the patient had fasted overnight, a size 12 nasogastric tube was positioned in the stomach using the water recovery method. 13 Table 2 .
Patients with duodenal ulcer, before operation, had significantly higher fasting, post-prandial, and peak bile acid concentrations in the stomach than did normal subjects.
In patients who had undergone highly selective vagotomy fasting, post-prandial, and peak bile acid concentrations were significantly lower than those in duodenal ulcer patients ( Fig. 1 , Table 2 ). Postprandial and peak bile acid concentrations after highly selective vagotomy were similar to those in normal controls ( Fig. 1 ), but in the fasting state bile acid concentrations of highly selective vagotomy patients were higher than in controls. Bile acid concentrations in the stomach were significantly less after highly selective vagotomy than after truncal vagotomy and pyloroplasty or truncal vagotomy and gastrojejunostomy.
After Polya partial gastrectomy fasting, postprandial, and peak bile acid concentrations in the stomach were significantly greater than those of controls and duodenal ulcer patients before operation, and also significantly greater than those in patients treated by highly selective vagotomy. Bile acid concentrations in the stomach after Polya partial gastrectomy were significantly greater than those after truncal vagotomy and pyloroplasty and truncal vagotomy and gastrojejunostomy. Bile acid concentrations in the stomach of fasting patients were relatively low after truncal vagotomy and pyloroplasty and truncal vagotomy and gastrojejunostomy and high after Polya partial gastrectomy. After the meal, bile acid concentrations were highest after Polya partial gastrectomy, very high after truncal vagotomy and gastrojejunostomy, and high after truncal vagotomy and pyloroplasty. Duodenogastric reflux was much less after truncal vagotomy and pyloroplasty than after truncal vagotomy and gastrojejunostomy or Polya partial gastrectomy (Fig. 2) . Both in the fasting state and after the meal, lysolecithin concentrations in highly selective vagotomy patients were very similar to those in normal subjects (Fig. 3) .
In duodenal ulcer patie-ts before operation, lysolecithin concentrations in the fasting state were similar to those of normal subjects and highly selective vagotomy patients, but post-prandial and peak levels were more than double those in these two groups (Fig. 3, Table 3 ).
(nimtes) Fig. 4 Lysolecithin concentrations in the stomach in the fasting state and after a Lundh test meal, in 14 patients after highly selective vagotomy (A), 11 Polya partial gastrectomy (0), nine truncal vagotomy and pyloroplasty (a), and eight truncal vagotomy and gastrojejunostomy (A).
When the four postoperative groups of patients are considered (Fig. 4) , lysolecithin concentrations were low in the fasting state in the highly selective vagotomy, truncal vagotomy and pyloroplasty, and truncal vagotomy and gastrojejunostomy groups, and no significant differences were found between these groups. The fasting lysolecithin concentrations in these three groups of patients were all significantly lower than the fasting lysolecithin concentrations in the Polya partial gastrectomy group.
After the meal, lysolecithin concentrations remained relatively low after highly selective vagotomy and truncal vagotomy and pyloroplasty, but were greatly and significantly raised after both Polya partial gastrectomy and truncal vagotomy and gastrojejunostomy (Fig. 4) .
After Polya partial gastrectomy lysolecithin concentrations (fasting, post-prandial, and peak) were all significantly greater than lysolecithin concentrations after both truncal vagotomy and pyloroplasty and truncal vagotomy and gastrojejunostomy.
Discussion
The method used to obtain samples of gastric content could be criticised on the grounds that the presence of a nasogastric tube may produce nausea and, in itself, influence duodenogastric reflux. The same conditions prevailed, however, in all subjects and the differences observed between groups were in the main so great that it seems unlikely that the presence of the tube had much influence on the results. Manifestly, the nasogastric tube did not cause much reflux in the control or in the highly selective vagotomy groups. Though many patients with duodenal ulcer probably have some dysfunction of the pylorus, treatment by highly selective vagotomy will at least preserve whatever normal function the antropyloroduodenal segment still possesses, because the pylorus is neither destroyed nor by-passed and the motor innvervation of the antropyloroduodenal complex is preserved.1' In addition, highly selective vagotomy may actually improve the function of the pylorus by curing the ulcer and thereby diminishing oedema, muscular spasm, and mechanical deformity.
We think, however, that the best explanation for the finding of diminished duodenogastric reflux after highly selective vagotomy is to be found in the effects of that operation on gastric smooth muscle and on intragastric pressure. After vagal denervation of the body and fundus of the stomach, vagovagal inhibitory reflexes are destroyed,27 leading to impairment of receptive relaxation and accommodation to distension by the muscular walls of the stomach: the altered pressure/volume relationships after ingestion of a meal thus result in higher pressures than normal within the stomach. 28 This increase in intragastric pressure will tend to prevent reflux from the duodenum into the stomach, and it has also been shown to increase the rate of gastric emptying of liquids,29 which will itself discourage reflux.
Thus, through its effect on gastric pressure/ volume relationships, by preservation of an intact antropyloroduodenal segment, and, perhaps, by curing the ulcer itself, highly selective vagotomy keeps 'bile' out of the stomach.
The results of the studies on lysolecithin suggest that lysolecithin concentrations in the stomach after highly selective vagotomy are normal. Postprandial levels of lysolecithin in duodenal ulcer patients before operation were nearly three times those in normal subjects. Perhaps because of the wide range of values recorded, however, there was no statistically significant difference between the two groups.
The effectiveness of highly selective vagotomy as an anti-reflux operation is apparent when it is compared with Polya partial gastrectomy, truncal vagotomy and pyloroplasty, and truncal vagotomy and gastrojejunostomy, all of which are operations that either remove the pylorus or interfere with its functions. The fasting, post-prandial, and peak bile acid concentrations in the stomach after highly selective vagotomy were found to be highly significantly less than after each of these three procedures. Not only was the degree of reflux much less after highly selective vagotomy, but the duration of exposure of the gastric mucosa to increased concentrations of 'bile' was much longer after these other operations than after highly selective vagotomy. Eighty minutes after the ingestion of the meal, concentrations of bile in the stomach remained high after both partial gastrectomy and truncal vagotomy and gastrojejunostomy. The results of the lysolecithin estimations showed a pattern similar to the results of the bile acid estimations. The highest concentrations of lysolecithin in the stomach were found after partial gastrectomy and truncal vagotomy and gastrojejunostomy, especially after the meal. After truncal vagotomy and pyloroplasty the post-prandial and peak lysolecithin concentrations, though not significantly higher than after highly selective vagotomy, were double those found after highly selective vagotomy and remained so for at least 80 minutes after the meal.
These findings suggest that removal or bypass of the pylorus, with gastrojejunal anastomosis, as in Polya partial gastrectomy and truncal vagotomy and gastrojejunostomy, allows much more duodenal content to enter the stomach than occurs after pyloroplasty, which produces less alteration of the normal anatomy. After partial gastrectomy, concentrations of bile acids and lysolecithin in the stomach were significantly higher than after truncal vagotomy and gastrojejunostomy. This could be due to the inhibitory effect of truncal vagotomy on biliary and pancreatic secretion.
Again, refluxing duodenal content might be diluted to a greater extent by gastric secretions after truncal vagotomy and gastrojejunostomy than after partial gastrectomy. Finally, the degree of reflux may be related to some extent to the size of the stoma, which may be somewhat larger, on average, after partial gastrectomy than after truncal vagotomy and gastrojejunostomy.
Whatever factor or combination of factors may be involved in the increased duodenogastric reflux after partial gastrectomy and truncal vagotomy with a drainage procedure, it is unlikely that the greater length of follow-up of the patients who underwent these procedures was responsible for the increased reflux. If reflux is going to occur it will probably be manifest soon after the operation, and all the patients studied had been operated upon more than one year before.
Reports from many centres have highlighted the importance of keeping 'bile' out of the stomach. The presence of bile acids and lysolecithin in the stomach has been shown to increase the movement of hydrogen ions out of the lumen of the stomach into the mucosa,4 3335 where they cause histamine to be released and gastritis to develop. Lysolecithin is formed in the duodenum when phospholipase A of pancreatic juice hydrolyses the lecithin in bile, the reaction being activated by bile acids and trypsin. The gastritis that is produced by exposure of the gastric mucosa to the combined contents of the duodenum has been shown in dogs to be considerably worse than the gastritis that is caused by pure pancreatic juice alone or by pure bile alone.3 36 37 It was for that reason that we measured both bile acids and lysolecithin. In a separate report the relationship between gastritis and the reflux of bile acids and lysolecithin is being examined. In man, regurgitation of 'bile' into the stoniach may lead to nausea and bilious vomiting, but of greater importance is the prolonged irritation of the gastric mucosa, which produces chronic superficial gastritis and eventually chronic atrophic gastritis.38
These changes in the gastric mucosa produce a syndrome of 'bile reflux gastritis' or 'alkaline reflux gastritis' in a proportion of patients. The syndrome is characterised by persistent epigastric pain, vomiting, anorexia, and loss of weight.
In the longer term, prolonged contact of 'bile' with the gastric mucosa may well be a factor in the development of gastric carcinoma. Gastritis progresses, with the development of intestinal metaplasia, which some authors believe to be a pre-cancerous lesion,38 though others doubt whether the presence of such metaplasia is of value as a predictor of cancer.39 Many reports have shown that the incidence of gastric 'stump' carcinoma is significantly increased more than 15 years after Billroth 1 partial gastrectomy, Polya partial gastrectomy, or even gastrojejunostomy alone.81 40 The carcinomatous change usually develops close to the stoma, where the damage to the gastric mucosa is greatest, a fact that strongly suggests that 'bile' reflux may be an important factor in the genesis of the condition. When Schrumpf and his colleaguesl' endoscoped 108 asymptomatic patients who had undergone partial gastrectomy 20 to 25 years before, they found that four of them had infiltrating gastric carcinoma and another three had carcinoma-in-situ: all but one of the remaining patients had either severe chronic gastritis, intestinal metaplasia, or dysplasia. Thus it seems likely that loss of the pylorus and the excessive duodenogastric reflux that follows exposes the patient to a considerable risk of developing gastric carcinoma in the long term.
The severity of the gastritis that develops is proportional to the amount of duodenal content that refluxes and to the duration of the exposure of the gastric mucosa to the irritant. 36 The results of this study suggest that when highly selective vagotomy is used in the treatment of duodenal ulcer, both the quantity of bile in the stomach and the length of time that it is in contact with the gastric mucosa are signficantly less than after other operations that destroy or bypass the pylorus. Meticulous, longterm studies are now needed to test our hypothesis that the reduced duodenogastric reflux seen after highly selective vagotomy benefits the patient in terms both of fewer symptoms of gastritis and a lower risk of gastric carcinoma. 
